We have studied finite-sized single band models with short range pairing interactions between electrons in presence of diagonal Fibonacci modulation in one dimension. Two models, namely the attractive Hubbard model and the Penson-Kolb model, have been investigated at half-filling at zero temperature by solving the Bogoliubov-de Gennes equations in real space within a mean field approximation. The competition between "disorder" and the pairing interaction leads to a suppression of superconductivity (of usual pairs with zero centre-of-mass momenta) in the strong-coupling limit while an enhancement of the pairing correlation is observed in the weak-coupling regime for both the models.
I. Introduction
The competition between electronic correlation and disorder remains one of the prime issues of investigation in condensed matter physics during the last few years [1, 2, 3, 4] .
However, the effect of such disorder is yet to be fully explored in the context of superconductivity. Some earlier experiments showed that in case of some weak coupling superconductors, T c increases with increasing disorder strength, while for some strong coupling materials T c is nearly insensitive to the strength of disorder [5, 6, 7] . On the other hand very recent experiments observed [8] destruction of superconductivity with increasing disorder strength in some low dimensional superconductors. Experiments studying the effects of disorder on superconducting A-15 materials have shown that in these substances T c decreases with increasing disorder [9, 10, 11] . Theoretical investigation of properties of superconductors in presence of disorder was addressed by Anderson [12] way back in 1959. He showed that the presence of weak non-magnetic impurities, does not suppress superconductivity appreciably. Quite recently [13] the effect of bulk impurity on superconductivity has been studied within the negative-U Hubbard model with random disorder in the site potentials. It showed that superconductivity is suppressed by disorder. Moreover, it also showed that disorder introduces spatial inhomogeneity in pairing correlation.
Models like the negative-U Hubbard model, which give rise to superconductivity within a short range pairing mechanism, have been studied extensively in the context of high T c and other exotic superconductors [14] . Therefore, the studies of interplay between disorder and superconductivity within the framework of short range pairing mechanism would be of great interest. In this work we describe a study on the effect of Fibonacci-modulated disorder on two different models of superconductivity which support short range pairing.
The models of short ranged pairing that we have focused on in the present work are the negative-U Hubbard model [14] and the Penson-Kolb (PK) model [15] respectively. These two models have been extensively studied [14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24] in the recent past owing to their tentative relevance in the field of high-T c cuprates and organic superconductors. However, the pairing mechanism of the two models are of different physical origin. The negative-U Hubbard model supports a short ranged pairing due to an on-site attraction in sharp contrast with the non-local pairing mechanism generated by a pair hopping process in the PK model. Such a non-local pair-hopping mechanism gives rise to a very rich phase diagram of the PK model [20, 21, 22, 23, 24 ] as compared to the in presence of "disorder" is expected to reveal a qualitative difference in the nature of competition between disorder and pairing correlation.
The present study has been restricted to one dimension (1-d) because of the possibility of checking the present results against the earlier studies on the two models, the PK model in particular, by a variety of techniques in 1-d. At least in the asymptotic cases, some of rigorous results are always available in 1-d rather in higher dimensions. This led us to choose a typical 1-d model of diagonal aperiodicity, namely, a Fibonacci modulated sequence of the site potentials, for observing the effect of disorder on these superconducting models. This type of quasi-crystalline "disorder" not only interpolates between the extreme cases of full grown order and random disorder, but also qualifies for the scope of experimental investigations owing to the availability of various quasi-crystalline superlattices in recent times [25] . Thus our main objective, in this paper, is to understand the qualitative manner in which the quasi-crystalline disorder modifies the superconducting correlation in two specific models with different pairing mechanism and how does the nature of this competition change from the weak-to the strong-coupling limit.
Our investigations for both the models concentrate on decoupling of the Hamiltonian within a mean field approximation (MFA) followed by a self consistent solution of the Bogoliubov-de Gennes (BdG) equations in real space [13] for the decoupled Hamiltonians.
The use of a mean-field approach is usually questionable in low dimensions. However, even in low dimensional system, such a technique works satisfactorily in a broken-symmetry phase [28] . The two models of short-ranged pairing that we have studied here are known to exhibit several broken-symmetry phases in the ordered limit. Previous mean-field calculations [14, 24] captured these phases satisfactorily in low dimensions and were found to compare well with the results obtained by other methods [19, 21, 22] . Moreover, in the present scheme of calculation relevant parameters are determined self-consistently for each and every site separately which captures successfully the spatial fluctuations induced by the Fibonacci disorder [4] . In fact the present scheme of calculation has already been tested with success for a randomly disordered Hubbard model in 2-d [13] .
In section II we define the Hamiltonians and their generic features. In section III we furnish the BdG equations. Section IV deals with results that have been obtained in the present calculation. Section V summarizes this work. The negative-U (attractive) Hubbard Hamiltonian with Fibonacci modulation in the site potentials is given by:
where, c † iσ (c iσ ) creates (destroys) an electron of spin σ(σ =↑, ↓) on the i-th site. n iσ = c † iσ c iσ and n i = n i↑ + n i↓ . ǫ i is the site energy at the i-th site; it takes on the value ǫ A or ǫ B according to the Fibonacci sequence: ABAABABAABAABABAABAAB.....; µ is the chemical potential and t is the single particle hopping integral. The last term is the on-site Hubbard interaction. We will take negative values of U in our calculations for the attractive Hubbard model. The attractive Hubbard model without any modulation in site potential (ǫ i = 0) has been extensively studied [14, 16, 17, 18, 26] . In this limit (ǫ i = 0), there is a competition between the single-particle hopping (t) and the Hubbard correlation (U < 0). The onsite Hubbard correlation favours formation of localized singlet pairs of electrons while the hopping term tends to break the pairs. Due to the local pairing mechanism superconducting (SC) state and charge density wave (CDW) phases become degenerate in the ground state for a half-filled band at zero temperature [19] . This model has been extensively used in describing high-T c and other related superconducting systems [14] . Effect of random diagonal disorder on the attractive Hubbard interaction has already been studied [13, 27] .
It is interesting to observe how the Fibonacci modulation alters its superconducting properties.
(b) The Penson-Kolb model
The PK model with Fibonacci-modulated site potentials is written below:
The first two terms have similar implications as in the Hubbard Hamiltonian (1). The third term is the pair hopping term which is responsible for transfer of a singlet pair of electrons (↑↓) between neighbouring sites. V is the nearest neighbour pair hopping amplitude. PK model with ǫ i = 0, favours formation of singlet pairs in real space due to this short range pair hopping and therefore, shows a non-local pairing mechanism. In this sense the study of this model is complementary to the study of the on-site pairing generalizations have been widely studied over the years [20, 21, 22, 23, 24] . The ground state phase diagram of this model for a half-filled band in one dimension is understood to a great extent as it stands at present. For V > 0, this model shows superconducting instability which corresponds to usual pairing with pairs of zero centre of mass momenta.
However for V < 0, in the strong coupling limit (beyond some value of V , say V c ), this model is shown to exhibit η-pairing with center of mass momentum q = π [21, 23, 24] .
There is a phase which does not support SC ordering for V c < V < 0. A real space RG calculation showed the existence of a CDW phase in this regime [21] and did not consider the possibility of the existence of antiferromagnetic bond order wave (BOW) which was later shown to coexist with the CDW within a Bosonization calculation [22] . A mean field study, however, showed only the antiferro-BOW state in this region [24] . It seems rather interesting how these properties are modified in presence of disorder. We focus our attention to a Fibonacci modulation in ǫ i as in the case of the negative-U Hubbard model.
III. The calculation within the MFA and the BdG equations (a) For the negative-U Hubbard model with Fibonacci modulation
We solve the negative-U Hubbard model first by decoupling the Hamiltonian in favour of superconductivity and then by solving the BdG equations of motion in real space in a self consistent manner. The decoupled Hamiltonian looks like:
The BdG equations of motion for the operators c i↑ and c † i↓ are:
We study the Fourier transform of the superconducting gap parameter as defined by,
where, r i is the position of the i-th site.
The decoupled PK Hamiltonian is given below:
where
We solve the BdG equations in a self consistent fashion to determine the Fourier transform of the superconducting gap (6) together with the bond order parameter in q-space as given by:
IV. Results 
(b) For the Fibonacci-modulated Penson-Kolb model
The one dimensional PK model also has been studied for half-filling and for the same system sizes (N=34 and 144). Let us first discuss the case of V > 0. But the pairing becomes suppressed in the presence of the Fibonacci modulation. This is qualitatively similar to the negative-U case. However, the degree of suppression of ∆ 0 due to disorder in the PK model is not very high. Consistent with this observation we also find that the spatial inhomogeneity in ∆ i is less pronounced in case of the PK model ( Fig.8) as compared to the negative-U model.
Next we consider the case V < 0. We study the superconducting properties for larger values of |V |. The plots of ∆ q against q show peaks at q = π in Fig.s 9 (a) and 9(b) suggesting that the system is in η-paired (with centre of mass momentum q = π) superconducting phase [21] . The peaks are suppressed by Fibonacci aperiodicity. In Fig.s 10(a) and 10(b) we show the plots of ∆ π against V in the regime V < −2 for N=34 and N=144. It is found that for V = −2.0, ∆ π has higher value in the periodic limit (ǫ B = 0) for both N = 34 and N = 144 than in the cases of ǫ B =0.4 and 1.0. It is interesting to note that the suppression of η-pairing due to disorder becomes less pronounced in larger system size. Consequently the decrease of the η-SC correlation across |V | ≈ 2.0 is rather gradual (Fig. 10(b) )with increasing disorder in larger systems.
Next we discuss the intermediate region of −2 < V < 0. In this regime our result shows a bond-order wave (BOW) phase [22, 24] in the periodic limit (for |V | < 1.9) which is evident from the plot of B q against q (Fig.11) . The bond order parameter shows peaks at q = π for V = −1.0 in Fig.s 11(a) and 11(b) for N = 34 and N = 144 respectively.
Interestingly enough, the introduction of aperiodicity enhances the peak in case of N=34, whereas for N=144, the peak in the periodic limit is a little bit higher than that in the Fibonacci-modulated case. This appears to be a finite size effect. The height of the peak which η-pairing takes place). Fig.s 12 and 13 depict simultaneous variations of the BOW order parameter and the η-paired superconducting gap parameter as functions of the pair hopping interaction V in the regime −2 < V < 0. It is observed in Fig.s 12(a) and 13(a) that in the periodic limit the transition from the BOW phase to the η-paired phase occurs at around |V c | ≈ 1.9 for both N=34 and 144. This value of |V c | increases with increasing
Fibonacci modulation in case of N=34. But this does not happen for the case N=144 as observed in Fig.13 . This is a result of the fact that Fibonacci sequence can significantly disrupt and delay the formation of η-paired ordering for smaller system sizes, a fact already apprehended in 
IV. Conclusion
Summarizing, we have studied the finite-sized negative-U Hubbard and Penson-Kolb models with Fibonacci-modulated site potentials at half filling in one dimension. In the present work, we used a mean field superconducting decoupling followed by self consistent have discussed earlier) can be understood from the difference in the nature of competition mechanism in the PK model is already known to give results which are qualitatively different from the negative-U Hubbard model [29] . However, in the present study, the qualitative difference between these two has been further clarified via the mechanism of competition between disorder and pairing term. In the η-paired phase of the PK model, superconductivity is suppressed by disorder in general. In identifying the bond ordered phase our calculations match with predictions of previous calculations [22, 24] . It turns out that the transition point from BOW to η-SC phase is not severely affected by the presence of disorder in large systems.
The present study, thus, reveals the qualitative feature of the competition between For further investigation in this scheme, it would be interesting to include the repulsive Hubbard interaction term in the PK model and see the effect of quasiperiodic modulations in such systems. Also a detailed study of the effect of band filling away from the half filled case would be very much interesting. The possibility of formation of a CDW [21, 22] , which is left out in the present calculation, could also be investigated. It would also be significant to study the case of finite temperatures and higher dimensions. The effect of random diagonal disorder in the PK model also needs some attention. U can be understood from the crossover noted in Fig.2 . Scale of energy is given by t = 1.0. (scale of energy is given by t = 1.0). 
